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Real Party in Interest 
The University of Zurich is the real party in interest in this appeal. 1 



Related Appeals and Interferences 

There are no related appeals, interferences or judicial proceedings known to 
Appellant, Appellant's legal representative, or assignee which may be related to, directly 
affect or be directly affected by or have a bearing on the Board's decision in this 
pending appeal. 

Status of Claims 

Claims 1-34 and 38-40 have been canceled. Claims 35-37 are rejected and are 
the subject of this appeal. 

Status of Amendments 
There have been no amendments made to the claims or specification 
subsequent to the mailing of the final Office Action on September 21 , 2005. 

Summary of Claimed Subject Matter 
The present invention relates to Transmissible Spongiform Encephalopathy 
(hereinafter "TSE"). TSE comprises a group of slow degenerative diseases of the 

1 The assignment recorded on September 11, 2000 at reel/frame 01 1 156/0452 contains an error. The recordation 
sheet says that the assignment was made from the inventors to Abbott Laboratories, Inc. However, the actual 
assignment is to the University of Zurich. 
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central nervous system, such as Creutzfeld-Jakob disease (hereinafter "CJD") in man or 
Bovine Spongiform Encephalopathy (hereinafter "BSE") in cattle, which is also known 
as "mad cow disease". Specifically, the present invention relates to methods of 
identifying TSE-infected B-cells and T-cells in a test sample. 

It is believed that TSE is caused by the pathogenic agent known as a "prion." It 
is known in the art that prions are devoid of nucleic acid and are identical with PrP Sc , 
which are the disease or modified forms of the normal host protein, PrP c (See, the 
specification, page 2, lines 23-27). PrP Sc is a protease-resistant form of PrP c . So far, 
no chemical differences have been detected between PrP Sc and PrP c . 

As mentioned briefly above, the present invention is directed to methods of 
identifying TSE-infected B-cells and T-cells. Applicants were the first to determine the 
roles of different components of the immune system by using a panel of immune- 
deficient mice inoculated with prions. Specifically, Applicants have discovered that 
differentiated B-cells are crucial for neuroinvasion by TSE while T-cells play a 
secondary role in TSE infectivity. Based on these findings, assays according to the 
present invention are provided which contemplate the monitoring of biological or 
biochemical parameters of B-cells and/or T-cells to determine the occurrence of TSE 
infection. The invention takes advantage of the fact that, as opposed to PrP c , PrP Sc is 
resistant to proteinase K digestion. Because of this fact, any form of PrP c remaining in 
the B-cells and/or T-cells after digestion with proteinase K will necessarily be PrP Sc . 
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Therefore, if the cells are exposed to anti-PrP c antibodies, the antibodies will recognize 
only abnormal PrP Sc proteins, thus indicating TSE. 

Three independent claims are involved in this Appeal, namely, claims 35, 36, and 
37. Each of these claims recites virtually identical steps of identifying TSE-infected 
cells. The difference between the claims is that claim 35 is directed to the identification 
of TSE-infected B-cells, claim 36 is directed to the identification of TSE-infected T-cells, 
and claim 37 is directed to the identification of TSE-infected B-cells and T-cells. 

More specifically, the claimed methods comprise the steps of: 

-obtaining a test sample suspected of TSE infection (See, page 46, lines 6-8, 
page 52, lines 25-27, page 86, lines 1-2 and original claim 23); 

-collecting B-cells and/or T-cells from the test sample (See, page 46, lines 6-8, 
page 52, lines 25-27 and original claim 23); 

-subjecting said B-cells and/or T-cells to homogenization (See. page 82, lines 6- 

12); 

-subjecting said homogenized B-cells and/or T-cells to proteinase K digestion 
(See, page 46, line 10, page 52, line 30, page 112, lines 27-28 and original claim 23); 

-subjecting said digested B-cells and/or T-cells to SDS Page immunoaffinity 
chromatography blots (See, page 52, line 29, page 112, line 26 and original 
claim 23); 
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-contacting said blots with an anti-PrP antibody (See, page 46, line 9, page 52, 
line 29, page 112, line 30, see original claim 23), 

wherein in the presence of a signal from the anti-PrP antibody-PrP complex in 
the sample is indicative of TSE-infected B-cells and/or T-cells (See, page 46, 
lines 4-10, page 52, lines 24-30, Figure 10 and page 112, lines 30-34 through 
page 113, line 1); 

-identifying TSE-infected B-cells and/or T-cells based on the presence of said 
signal (Figure 10 and page 112, lines 30-34 through page 113, line 1); and 

-wherein the identification of TSE-infected B-cells is associated with TSE 
promulgation and primary infection (claim 35), the identification of TSE-infected 
T-cells is associated with TSE promulgation and secondary infection (claim 36), or the 
identification of TSE-infected B-cells is associated with TSE promulgation and primary 
infection and the identification of TSE-infected T-cells is associated with TSE 
promulgation and secondary infection (claim 37) (See, page 30, lines 3-24, page 35, 
lines 15-21, page 56, lines 5-10 and page 66, lines 5-9). 

Grounds of Rejection to be Reviewed on Appeal 
There is only one outstanding ground of rejection that is the subject of this 
Appeal. Specifically, claims 35-37 are unpatentable under 35 U.S.C. §1 03(a) as being 
unpatentable over O'Rourke et al., (U.S. Patent No. 6,165,784) (hereinafter "O'Rourke") 
and/or Korth et al., {Nature, 390: 74-77 (November 6, 1997)) (hereinafter "Korth"), in 
view of Kuroda et al., (Infection and Immunity, 41:154-61 (1983)) (hereinafter "Kuroda") 
and/or Manuelidis et al., (Science, 200: 1069-1071 (1978)) (hereinafter "Manuelidis"). 
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Argument 

Rejection under 35 U.S.C. Section 103(a) in view of O'Rourke and/or 
Korth in view of Kuroda and/or Manuelidis 

The Examiner rejected claims 35-37 as being unpatentable over the combination 
of the teachings of O'Rourke and/or Korth in view of Kuroda and/or Manuelidis. 

As discussed above, each of the three independent claims in this Appeal recite 
virtually identical steps of identifying TSE-infected cells. The difference between the 
claims is that claim 35 is directed to the identification of TSE-infected B-cells, claim 36 is 
directed to the identification of TSE-infected T-cells, and claim 37 is directed to the 
identification of TSE-infected B-cells and T-cells. Therefore, given the similarity between 
the claims, the patentability of these claims will be argued together as a group. 

According to the Examiner, Kuroda teaches that both B-cells and T-cells can 
transmit TSE, and Manuelidis teaches the importance of focusing on these cellular 
populations to increase the sensitivity of assays for TSE infectivity. The Examiner 
further maintains that both O'Rourke and Korth disclose using antibodies as a method 
of detecting the disease-causing agent. The Examiner alleges that it would have been 
obvious to apply the techniques taught by O'Rourke and/or Korth to the infected tissue 
disclosed by Kuroda and/or Manuelidis in order to improve the sensitivity of the TSE 
tests by collecting samples containing B-cells and/or T-cells. The Examiner finds the 
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motivation to combine these references in avoiding having to utilize live animals to test 
for infectivity in the B-cells and/or T-cells. 

The Examiner's rejection is erroneous for the following reasons: 1) neither 
Kuroda nor Manuelidis explicitly teach that B-cells and/or T-cells can transmit TSE; 2) 
there is no motivation to combine these references; and 3) the Korth reference teaches 
away from the Applicants' invention. 

A. Neither Kuroda not Manuelidis teach that B-cells and/or T-cells can 
transmit TSE 

Throughout the prosecution of this application, the Examiner has maintained that 
Kuroda teaches that both B-cells and T-cells can transmit TSE and that Manuelidis 
teaches that it is important to focus on these cellular populations to increase the 
sensitivity of assays for TSE infectivity. These statements are overly broad and not 
entirely correct. 

Kuroda reported the results of a study in BALB/c mice that he thought were 
infected with a Japanese strain of a CJD (a variant of TSE) virus. Kuroda detected the 
"virus" in the brain, spleen, lung, thymus, liver, kidney and blood (but not the urine) of 
the infected mice at various periods in time after inoculation. Of the examined tissues, 
the highest infectivity was found in the brain and spleen. Kuroda examined the spleen 
cells to determine what types of cells were actually infected with the virus. Initially, he 
found that spleen macrophages, T-cells, and B-cells were infected. Of these cells, the 
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highest concentration of the virus was found in the lymphocyte fraction. When Kuroda 
examined the infectivity of various subpopulations of lymphocytes from these "virus"- 
infected mice, he found that large lymphocytes or blastoid cells in the lower-density 
fractions from the spleen exhibited the most infectivity. 

Accordingly, Kuroda mistakenly believed that CJD was caused by a virus. The 
very point of the study was to "obtain data on the mode of replication and temporal 
distribution of CJD virus in relation to onset of the disease and to determine the 
important implication of the hematogeneous route of virus dissemination" (See, Kuroda, 
page 154, 1 st and 2 nd paragraphs). It was later determined that TSE is the result of an 
abnormal prion, not a virus. Nowhere does Kuroda disclose or suggest that B-cells 
and/or T-cells transmit TSE. 

Second, like Kuroda, Manuelidis also mistakenly believed that CJD was caused 
by a virus (See, Manuelidis, page 1069, Abstract). In a study using guinea pigs, 
Manuelidis "demonstrated" that "there is a viremia in experimental [CJD]." Manuelidis 
isolated the buffy coat (which contained white blood cells) from CJD-infected guinea 
pigs, injected the buffy coat into disease free guinea pigs, and observed the animals for 
the progression of the disease. Manuelidis theorized that maximal infectivity should 
reside in the buffy coat rather than in the serum or red blood cells. While it may be true 
that Manuelidis established that the disease-causing agent is present in the buffy coat 
of the blood, this information is of a generic kind when compared with the specificity of 
the present invention (specifically, methods of identifying TSE-infected B-cells and T- 
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cells in a test sample by collecting the cell types and directly testing them for the 
presence of prion associated with the TSE). In fact, Manuelidis does not discuss at all 
the role played by the B-cells and T-cells in transmission of the TSE . 

Having recognized that Kuroda and Manuelidis incorrectly taught that the 
disease-causing agent was a virus, instead of a prion, the Examiner dismissed the 
importance of this crucial difference by arguing that when the references were 
published, the prion protein theory of disease was not generally accepted. However, 
Appellants respectfully submit that it is immaterial for an obviousness rejection whether 
or not a correct theory of the disease was generally accepted at the time a reference is 
published. Rather, what is material is whether the reference by itself or in combination 
with other references renders the invention obvious to a person of ordinary skill in the 
art (hereinafter referred to as a "skilled artisan"). Applicants contend that given that 
Kuroda and Manuelidis were fundamentally wrong about the nature of the disease- 
causing agent and were not even aware of the existence of prions, the references 
simply cannot render obvious the method involving the steps of collecting B-cells and/or 
T-cells from a test sample and directly testing these cell types for the presence of prions 
associated with TSE. 

According to the Examiner, "even if the references erroneously referred to the 
disease-causing agent as a virus this (sic) does not detract from the important 
observation made in the references" (See, Office Action mailed on September 21, 2005, 
page 4). The "important observation" is presumably that CJD is associated with 
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lymphocyte cells. While it is true that the references disclosed that the highest 
concentration of the "virus" was in lymphocyte cells, it is unclear how this makes it 
obvious to test specifically B-cells and T-cells for the presence of prion associated with 
TSE. The Examiner argues that it would have been obvious at the time the invention 
was made to improve the sensitivity of antibody-based assays by collecting samples 
containing B-cells and/or T-cells and testing for the presence of TSE using an antibody- 
based system. However, the Examiner cannot have it both ways. On the one hand, the 
Examiner claims that a skilled artisan would disregard the scientific conclusion of 
Kuroda and Manuelidis that CJD is a virus-based infection. On the other hand, the 
Examiner claims that the same skilled artisan would accept Kuroda and Manuelidis' 
conclusions that lymphocyte cells are associated with CJD. The Examiner offers no 
scientific rationale as to why a skilled artisan would disregard one finding of the 
references while embracing the another. Applicants submit that it is more likely that a 
skilled artisan would either agree with Kuroda and Manuelidis that CJD is a viral 
infection (and in that case, would not be motivated to test for abnormal prions) or 
disregard the references completely (and in that case, would not be motivated to 
concentrate lymphocyte cells). 

Therefore, Applicants respectively submit that the claimed invention is not prima 
facie obvious to a skilled artisan. 
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B. There Is No Motivation to Combine the References 

The Federal Circuit has repeatedly held that three basic criteria must be met to 
establish a prima facie case of obviousness. First, there must be some suggestion or 
motivation, either in the references themselves or in the knowledge generally available 
to one of ordinary skill in the art, to combine the reference teachings. Second, there 
must be a reasonable expectation of success. Finally, the prior art reference (or 
references when combined) must teach or suggest all the claim limitations. The 
teaching or suggestion to make the claimed combination and the reasonable 
expectation of success must both be found in the prior art, and not be based on 
applicant's disclosure. Manuel of Patent Examining Procedure §2142 (8 th Edition, 
October 2005 Revision) citing In re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 
1991). See also, In re Jones, 958 F.2d 347, 21 USPQ2d 1941, 1943 (Fed. Cir. 1992). 

In the present application, the Examiner has failed to convincingly demonstrate 
either a suggestion or motivation to combine the asserted references. The Examiner 
merely combined the disclosures of Kuroda and Manuelidis demonstrating that B-cells 
and T-cells (among other lymphocytes) may contain the TSE-causing agent with the 
disclosures of O'Rourke and Korth's of antibody-based methods of detecting TSEs and 
asserted that such combination would increase the sensitivity of detection assays. As 
discussed above, Kuroda and Manuelidis mistakenly identified a virus as a TSE-causing 
agent and indicated that injection of lymphocytes into healthy animals leads to the TSE 
infection. Neither Kuroda nor Manuelidis taught or suggested that prions played a 
crucial role in the transmission of TSEs. Korth taught a monoclonal antibody specific for 
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PrP Sc in brain homogenates and O'Rourke taught antibody-based methods to detect 
PrP Sc as an indication of TSEs. 



More specifically, O'Rourke described detection of PrP Sc using antibodies that 
bind to PrP Sc . While O'Rourke focused on third eyelid lymphoid tissues in ruminant 
animals, nowhere did O'Rourke disclose or suggest the specific role played by B-cells in 
transmission of TSEs. 



The Examiner's rationale is as follows: 

Both O'Rourke et al. and Korth et al. teach methods of detecting the 
disease form of prion protein after proteinase K digestion followed by SDS-page 
electrophoresis and blotting onto a membrane. One of ordinary skill in the art 
would have a high expectation of success in applying the techniques taught by 
O'Rourke et al. or Korth et al. to the infected tissue disclosed by Kuroda et al. or 
Manuelidis et al. It would have been obvious at the time the invention was made 
to improve the sensitivity of the TSE tests by collecting samples containing B 
cells and/or T cells and testing for the presence of TSE using an antibody based 
system. The ordinary artisan at the time the invention was made would have 
been motivated to this (sic) in order to avoid having to utilize animals in order to 
test for infectivity in the B and/or T cell population. The ordinary artisan at the 
time the invention was made would have reasonably expected that concentrating 
a cell type known to be infected with the TSE agent would increase the sensitivity 
of detection assays, including antibody-based assays. In addition, it was well 
known in the art at the time the invention was made that once an antibody was 
developed, the antibody could be used with a reasonable expectation of success 
to detect an antigen on intact cells, as in a buffy coat of whole blood, by either 
mounting them on slides for immunohistochemical analysis; or by using other 
techniques well known in the art at the time the invention was made for intact cell 
analysis with antibodies. Therefore, the invention as a whole was prima facie 
obvious to one of ordinary skill in the art at the time the invention was made, as 
evidenced by the references (Office Action mailed on November 14, 2003, pages 
6-7). 
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It appears that the Examiner's rationale for combining the references is that a 
skilled artisan would have been motivated to do so to avoid having to utilize live animals 
to test for TSE infectivity. According to the Examiner, the skilled artisan would have 
concluded that B-cells and T-cells are known to be infected with the TSE-causing agent 
and would have been motivated to concentrate these cell types to increase the 
sensitivity of detection assays. 

However, this reasoning is flawed. According to the Federal Circuit, the 
motivation or suggestion to combine the references must be found either in the 
references themselves, in the knowledge generally available to one of ordinary skill in 
the art, or from the nature of the problem to be solved, leading the inventors to look to 
the references for possible solutions to that problem. Ruiz v. A.B. Chance Co., 69 
USPQ2d 1686, 1691 (Fed. Cir. 2004). Both the suggestion and the reasonable 
expectation of success must be found in the prior art, not in the applicant's disclosure. 
In re Vaeck, 947 F.2d 488, 20 USPQ2d 1438, 1442 (Fed. Cir. 1991). Moreover, the 
showing of a motivation to combine must be clear and particular, and it must be 
supported by actual evidence. Teleflex Inc. v. Ficosa North America Corp., 63 USPQ2d 
1374, 1387 (Fed. Cir. 2002). 

It is beyond dispute that neither Kuroda nor Manuelidis contain any hints or 
suggestions to combine their teachings with an antibody-based methods to detect 
abnormal prions associated with TSEs. Indeed, it would be impossible for either Kuroda 
or Manuelidis to contain such hints or suggestions given that both of these references 
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mistakenly believed that TSEs were caused by a virus. The knowledge generally 
available to a skilled artisan also does not contain any motivation or suggestion to 
combine the references. By 1997 (the priority date of the instant application), the 
majority of scientific literature would have led a skilled artisan to heavily discount the 
disclosures of Kuroda and Manuelidis since by then the emerging scientific consensus 
was that the infective agent of TSE was not a virus. In fact, both O'Rourke and Korth 
identify prions, not viruses, as TSE-causing agents. Why would a skilled artisan be 
motivated to combine the references which identify different disease-causing agents? 
Finally, the nature of the problem to be solved would not lead a skilled artisan to 
combine the references. The problem to be solved was to develop a reliable method of 
identifying and/or monitoring TSE in infected organisms or in organisms suspected of 
being infected. There was no motivation to combine the references which taught that 
TSE was caused by a virus with references which taught the antibodies to abnormal 
prions and antibody-based methods to detect abnormal prions. 

It is true that the recognition that some advantage or expected beneficial result 
would have been produced by combining references provides the strongest rationale for 
their combination. In re Sernaker, 702 F.2d 989, 994-95, 217 USPQ 1, 5-6 (Fed. Cir. 
1983). However, in the instant application, a skilled artisan would not have expected 
any advantage or beneficial result from the combination of the references since a skilled 
artisan who believed in the prion nature of TSE disease would have discounted the 
findings of researchers who believed that TSEs were caused by a virus. 
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The Federal Circuit has consistently cautioned Examiners against succumbing to 
a hindsight-based analysis. "Our case law makes clear that the best defense against 
the subtle but powerful attraction of a hindsight-based obviousness analysis is rigorous 
application of the requirement for a showing of the teaching or motivation to combine 
prior art references." In re Dembiczak, 175 F.3d 994, 999 (Fed. Cir. 1999). "Combining 
prior art references without evidence of such a suggestion, teaching or motivation 
simply takes the inventor's disclosure as a blueprint for piecing together the prior art to 
defeat patentability— the essence of hindsight." Id. 

Of course, in hindsight it is "obvious" to combine the disclosures of Kuroda, 
Manuelidis, Korth, and O'Rourke to develop a reliable test for TSEs. However, it is 
"obvious" only after Applicants' careful and meticulous investigation of the role that B- 
cells play in transmission of TSEs. Prior to the Applicants' invention, the roles of 
different components of the immune system, and in particular, the primary role of B-cells 
in transmission of TSEs were not known. Applicants were the first to identify B-cells 
and B-cells dependent processes as a limiting factor in the development of TSE after 
peripheral infection (See, Specification, page 27, first paragraph). Even if one assumes 
that Kuroda and Manuelidis determined that lymphocytes were involved in transmission 
of TSEs, neither Kuroda nor Manuelidis have identified B-cells as the specific subset of 
the lymphoreticular system (hereinafter "LRS") responsible for disease spread. Without 
this knowledge, it cannot be said that it was obvious to detect the presence of TSE- 
infected B-cells and/or T-cells by contacting the proteinase K-digested cells with an anti- 
PrP antibody. 
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Accordingly, there is no motivation or suggestion to combine the references. 



C. Korth Reference Teaches Awav From Applicants' Invention 
A fair reading of the Korth reference would likely teach awav from Applicants' 
invention. A prior art reference may be considered to teach away when "a person of 
ordinary skill, upon reading the reference, would be discouraged from following the path 
set out in the reference, or would be led in a direction divergent from the path that was 
taken by the applicant." In re Gurley, 27 F. 3d 551, 553 (Fed. Cir. 1994). 

While the Examiner claims that the Korth reference supports his determination of 
obviousness, "it is impermissible within the framework of 35 U.S.C. §103 to pick and 
choose from any one reference only so much of it as will support a given position to the 
exclusion of other parts necessary to the full appreciation of what such reference fairly 
suggests to one skilled in the art." Bausch & Lomb, Inc. v. Barnes-Hind/Hydrocurve, 
Inc., 796 F.2d 443 (Fed. Cir. 1986). Korth claimed to have identified the antibody, 
15B3, specific for an abnormal prion, PrP Sc . This antibody specifically precipitates 
bovine, murine or human PrP Sc , but not PrP c (See, Korth, page 74). According to 
Korth, "the identification of an antibody that binds selectively to PrP Sc from various 
species provides a new means to identify PrP sc directly without using proteinase K 
digestion as a criterion" (emphasis by Applicants) (See, Korth, page 77). In other 
words, Korth suggests that a skilled artisan would be able to avoid the step of 
proteinase K digestion and to precipitate PrP Sc directly. However, Applicants' claims 
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specifically recite a step of subjecting B-cells and/or T-cells to proteinase K digestion 
(See, claims 35-37). It is not surprising since Applicants' method involves using an 
antibody which is not specific for PrP Sc and therefore, requires a step of proteinase K 
digestion to allow the antibody to preferentially bind to proteinase K-resistant PrP Sc . 

Therefore, a fair reading of the Korth reference would not have led a skilled 
artisan to Applicants invention and, in fact, would have led a skilled artisan in a different 
direction. 

CONCLUSION 

In conclusion, the none of the cited references render the claimed invention 
obvious. Neither Kuroda nor Manuelidis teach that B-cells and/or T-cells can transmit 
TSE. While the references teach that lymphocyte fractions (Kuroda) and buffy coat 
(Manuelidis) may play a role in TSE, neither of these references focused specifically on 
B-cells and/or T-cells. Moreover, both Kuroda and Manuelidis mistakenly believed that 
CJD was caused by a virus and were not even aware of the existence of prions, the true 
pathogenic agents causing TSE. O'Rourke and Korth do not cure these deficiencies 
since neither O'Rourke nor Korth disclose or suggest the specific role played by B-cells 
and/or T-cells in transmission of TSEs. Furthermore, there is no motivation or 
suggestion to combine these references to arrive at a reliable test for TSE, such as the 
test claimed in the instant invention. Accordingly, Applicants respectfully submit that the 
rejection of claims 35-37 under 35 U.S.C. §103 (a) as being unpatentable over 
O'Rourke, and/or Korth in view of Kuroda and/or Manuelidis is in error and should be 
reversed. 
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Respectfully submitted, 

Lisa V. Mueller, Reg. No. 38,978 

Wood, Phillips, Katz, 

Clark & Mortimer 
500 West Madison Street 
Suite 3800 

Chicago, Illinois 60661-251 1 
Tel: (312)876-2109 
Fax: (312)876-2020 
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Claims Appendix 



35. A method of identifying TSE-infected B-cells associated with transmissible 
spongiform encephalopathy in a test sample, the method comprising the steps of: 

obtaining a test sample suspected of TSE infection; 

collecting B-cells from the test sample; 

subjecting said B-cells to homogenization; 

subjecting said homogenized B-cells to proteinase K digestion; 

subjecting said digested B-cells to SDS Page immunoaffinity chromatography 

blots; 

contacting said blots with an anti-PrP antibody, 

wherein the presence of a signal from said anti-PrP antibody-PrP complex in the 
sample is indicative of TSE-infected B-cells; 

identifying TSE-infected B-cells based on the presence of said signal; and 
wherein the identification of TSE-infected B-cells is associated with TSE 
promulgation and primary infection. 

36. A method of identifying TSE-infected T-cells associated with transmissible 
spongiform encephalopathy in a test sample, the method comprising the steps of: 

obtaining a test sample suspected of TSE infection; 

collecting T-cells from the test sample; 

subjecting said T-cells to homogenization; 

subjecting said homogenized T-cells to proteinase K digestion; 

subjecting said digested T-cells to SDS Page immunoaffinity chromatography 

blots; 

contacting said blots with an anti-PrP antibody, 

wherein the presence of a signal from said anti-PrP antibody-PrP complex in the 
sample is indicative of TSE-infected T-cells; 

identifying TSE-infected T-cells based on the presence of said signal; and 
wherein the identification of TSE-infected T-cells is associated with TSE 
promulgation and secondary infection. 

37. A method of identifying TSE-infected B-cells and TSE-infected T-cells 
associated with transmissible spongiform encephalopathy in a test sample, the method 
comprising the steps of: 

obtaining a test sample suspected of TSE infection; 

collecting B-cells and T-cells from the test sample; 

subjecting said B-cells and T-cells to homogenization; 

subjecting said homogenized B-cells and T-cells to proteinase K digestion; 

subjecting said digested B-cells and T-cells to SDS Page immunoaffinity 

chromatography blots; 

contacting said blots with an anti-PrP antibody, 

wherein the presence of a signal from said anti-PrP antibody-PrP complex in the 
sample is indicative of TSE-infected B-cells and TSE-infected T-cells; 
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identifying TSE-infected B-cells and TSE-infected T-cells based on the presence 
of said signal; and 

wherein the identification of TSE-infected B-cells is associated with TSE 
promulgation and primary infection and the identification of TSE-infected T-cells 
is associated with TSE promulgation and secondary infection. 
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Evidence Appendix 
Copies of cited references are enclosed. 
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Related Proceedings Appendix 

Not Applicable. 
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Tti Pr*S£^ * e nonnaI »««* dfaease^tclBc forms 

^Ti \, ^ an , antlW 5 r *a* t*en long sangfat as it diouldbe 

^ ZfS-.T^ f. bOT,nc spongiform encephalopathy 

Sl , w1K ,ng ^ " ^ffli^^epitopT^-mmon to prions 
^^T" ES^nf^x.Aetic plod™ 

^pp«d three poiypepUde wgments In PrP as the 15B3ifto^.fa 
J rt*™**™* moose PrP, segmel 2 a^d 3 
of the 1SB3 epitope are near nd^bonrs in space, ar^seerner^l U 

aO three I5B3 segments, either by irrtermabailar SabxZin 1 
SaT-etT ° f ^ Pri ° n PIOtdn - ^ ^^a^ 

bo^rPrP^T- Tf"^ ^ M - fa >8* recombinant 
L^". J fc,<m ° f ^ ^* myeloma cdk we 
*fected -SOhybridomacdbthat {mxiucedrr^ocfcrTantibod^ 
reeogruzmg either native bovine PrP* fPrP«e» ^J™:?.. ~°? KS 
Jrocdlulose or recornbinant bo^p^T^X^ 

ffi^. p T mwere ^ ° n ««°n wot, usin n 

nrec^Xed p"p t0 ^ (F «- J )- ^ «H4 antibody 

Shonened ,0 "K-'OK (PrP 27-30). probably « a reJuh of 
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degradation of the amino-tcrminal segment of residues 23-90. 
analogous to hamster PrP* (ref. 3). Digestion of brain homo- 
^te hmmiM^edpitaies with proteinase K are shown fa 
lb. Proten^ Kdigestionof BSEtomogenatcs or the immmo 
f^bTZ* n^H^ *« W^fic band of £HoK 
(Rg. lb). Not aU of the nnmnnopredpitated PiP was proteaw- 
wisjanunggefflngdatlSBS recognizes multiple forms of disease- 
speofi* _PrP w,th difierotsewftJvities toprotetaaseK. AppanmTy, 
PrP with properties characteristic for PrP* but withouTZteair 
resistance occurs as an intermediate in the generation of fatty 

r^rmal rmin^enato or immunopredpita.es with protein A only 
(Hg. lb) or 6H4 (not shown). 15B3 therefore seems to be a PrP^ 
spwficMtfbody, even though we immunized with recombinant 

pT7hL n;S°"^ J bPrP *° Tg2 ° ""^pressing mouse 
PrF has not produced d^ease for 430 days, whereas two out of four 
rmce injected with a homogenate from the medulla of a BSE- 
affe^ cw have come down -with TSE at 388 and 426 days 
r** ^J*™ B -°- "npnhlished rendu). In addition, it has 
been reported that recombinant PrP is not infectious 4 . Recombinant 
rtr b iatorwtprotease-resistant, which is arullmark of PrP* (QK_ 
unp^bHsr^ ofeer^ion^. The mode! of L^^d ckuS 
wUch postulate, that the two isoforms of PrP are in , dyS 
equjrammn, provides a possible explanation for these findings By 
nmaimfamg with large amounts of •normal PrP, a small portion of 
me proton might, according to this hypothesis, have been in the 
«ap^spedfic conformation when triggering the immune 
response. Alternatively, recombinant PrP molecules might transi- 
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Sl'fi^f ( !I^^ OTd F ' g - <md km* the prion- 

spcofic eptope when acting as an immunogen. P 

We further analysed the species spedfidtvof ion „™ 

scrapie-infected brain ho m c^« Ld^nTh 

^pWected^U-type mice, and the immunopredptetes Z 

(TS Moused "STf. ^V™** ™ sho^n 
v T ft ^ < ^^ e&i «^P««ipitatedbvl5B3 as 
fajcated by*e presence of PrP 27-30 alter me 1$£ r!i£ 
proteinase K (Rg. 1c, hne a). When brain homogenate wTrre^ed 

«ven though precipitation of intact PrP 8 ' an^ared to bl mLl 

n^T^SB^^ 0 ( ^f? e -^^ Q»ras) which rn^ 
nfe2^^^i?^ e -i Urpnsm ^' 1583 *• «Pedfieany recog- 
luzedPrl^fromsporadicCJD cases bmircthumanftpcX^ 

^though tfaeamino-acid sequence fa the regionVof mTlS 

^Jff* * aot conserved (see beW, and F^2b) 

bv S t !S! ) !? :0gniZed , antibodies were determined 
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» feline phosphatase. Signals were developed «m c^mOumlnesoenoe 
substrate CrosaraacSon of the secondary anaj ody wit, immunopreeiphmed 

^lT^Jl PrPte """^^"othfteem Immune- 
mA 158a Undlgesttd and digested bovine brain homooenatesvwre compared 
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sequences recognized by 1583 or 6H4 antibodies In the array of 
symhefebo^PrP peptides.!^ 

mimbered as they oocur h die emho add sequence. The ftw WB3 aegmem 
extends by two amino adds ©terminally fensy box) If spot number 62. which 
Wn*ISB3onVv^b«bexcUidedTttt number^ 
I ^"i^^ther^erlnbreel^lritflr^riapoE^ 
se^jerioesus^fwthaconstruaiOT 

[ aioest^rJiermnrtancOTd mouse PrP sequences fire 



IfZ 1 -^ 70 '"** 2 ! 4 - 226 5 R 8- ^ W.n« relative posittew 
onhese pmd £«op« i„ d* aninc-add sequence revealed™ 

SSSkST efSt °^ ^^^^tof^ 15B3 

rJf^iT ° f „* e i 5B3 ep5t °P e onto fc NMR structure of the C- 
domain of mouse PrP (ret 12) reveals dose proximity of 
^ md 3 - buta ™cfa larg" spatial separation of 

segment 1 torn either of the other rwocomp^ente (Rg^a) 
^peptxde segment 1 occupies the N-tennh^ half of hefix 1 plus 
the two residues precedfag it, and it is recognized by 6H4 in Prr^as 

«*« of the two folbwing assumptions (1) 15B3 recognizes 
segment 1 ofnsjegtope only fa concert with the segmenTfand 

PrP~. Component 2 of the 15B3. epitope is in the looo 

SdSi*" TZih*™* * ** 3 helix. wm,7wt 
XT «*« !n » <fcord«ed region in the three^imoSonal struc 

Eft K nfrTZlt ^ * C-terminal^fheS^ 
r^Ji S^J* ^ «8nien«» 2 and 3 are located in the 
Proposed bmding repon for 'protein X> (ret 14), wmcTi, ch«! 
«a*nzed by significant alterations of the electrostatic surface 
potenaal among different mammalian species": human PrP differs 
from bovine and mouse PrP in the replacement of the glutamic 
resumes 168 and 219 by glutamic add residues, as wdttTby 
conservative r substitutions at positions 166 and 215. As bovine 
mouseand human PrP* are all precipitated by 15B3 (Kg Td? , 
d* »dbody probably binds ^conserved £& 'faS. .| 

A single continuous 1 5B3 binding rite could be formed either by 
aggregation of two or several PrP molecules", or by structural 

ZZSPZZ °l * PfP m ? lecufc > m ^ « Nation 

hereof. Figure 3b suggests a spatial arrangement of a PrP dimer 

Sm^vSF » { *' 15B3 epitope into ^ 

Projcmuty, v^di mnmnal conformational changes of the individual 
mokcuIesJt B based on the observation of a structural similarity 
^ (1 2r" 23I > md n-moglobms, which aUomT^er' 
^ l^J*^ V 2 and 3 of ^ °"to the belic« 1 , 6 andVof i 
Ae haemogbbmf^ubunft, with a toot-mean-*roare distance for 
the polypeptide backbone of 2.4 A. Superposition of two molecules 





Flgaw 8 71% of the morrocfc^ 

the NMR structure of the Oermlaaf domain Prf>(l2l -231 ) of mouse PrP^refe 12, 
26),Tl>ethreese8mertt8 ofthe iSBSephope are cotouredyB0ow(Uvfotet(2)Bnd 
cyan C3) in tfte ot^ h whkA occw 
| rsstfualp^ofthemde^ 

secondary stnotures ere indicated by ribbons for helices end arrows for 0- 
strands. Dmwtngs In a end b were prepered wfth MOLMOL* 7 . b. Surface 
rerxe^uaion of two PrP{i2i-23l) moteculee after supefposiOon onto two 

" {Protein Data Bank entry 



iHBSnhesegmenteofthe^ 

^rpc^lon induded the backbone etoms of residues 179-189 and 

^2l7oft^hefice9l2erKi3ofr^l2,-23l)errfcrf^ 

^ fold of the prion protefr, tha, would bring eS three components of the 1583 
ephope Into epattel proxirnfty.The two cylinders represent the <flsu1pWde*U;ed 
f^2end3^trveortemBUooofaHdb<1 B rHl^ 

by foi^ |^tren<te chat form a greek key motif. The chain termini ere tabefled N end 
C and the segments of the 15B3 epitope ere mimbered as in a. 
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of Prf>( 121 -23 1) onto two adjacent 0-chains in the crystal lattice of 
haemoglobin S (PDB entry 1HBS) brings the peptide segment 1 of 
one PrP molecuknear to the segments 2 and 3 of the other molecule 
I Sfr ..V snperposhion aligns residue 6 of the p-chains of 
sicfclecellhaenioglobinwimTrp at position 145 ofthe mouse prion 
I proton, which is located in the middle ofthe epitope segment 1 and 
b n%exposed to solvent. Mutation of G!u 6 to valfcefcresponsfcle 
for the formation of haemoglobin aggregates in sickle cell anaemia. 

Intramolecular structural rearrangement bringing ail three seg- 
^5°^ 15B3 epitope into close spatial proximity might involve 
me brst helix and lead to an extension of the existing p-sheet" In 
Kg, 3c, the resulting ^-structure is assumed to consist of four 
strands aligned to form a greek-key motif, Other PrP* models that 
would also lead to close approach of the three segments of 15B3 
epitope have been described^ 

The identification of an antibody that binds selectively to PrP* 
from various species provides a new means to identify Prl^ direrfTy 
wfflout , using mad figse K digestion as a criterion. It wffl be 
mterestmg to see whether 15B3 will be able to neutralize mfectivity 
and thns be a potential therapeutic reagent. The low level of PrP* in 
penpheral tissues has made it difficult to use it as a marker for prion 
diseases''. Affinity selection of PrP* with 15B3 will allow enrich- 
ment of the abnormal isoform of PrP and thus lower the detection 
limit for PrP^, so a prion test for hving humans or animals is 
I conceivable- The mapping and three-dimensional modelling ofthe 
( 15B3 epitopes has provided a view of a pnon-disease-specific 
| epitope and may represent a starting point for the production of 
«agnostjc or therapeutic tools for TSEs. Q 

j Methods 

Matorlab. BSB material was from naturally occurring Swiss cases of BSE, QD 
bmin material patients suffering from CJD type 1 {ret 10), which had 
been diagnosed using histopathology and tmmunohhtDchenustiy for PrR For 
mo^e^pfc material. CI)«1 mice were cxperimen uninfected with theRML 
[ «nun . 

Preparation off recombinant bovine PrP. The bovine PrP open reading frame 
was amplified by PCR from genomic DNAusing the primers 5'-GGGAATTO 
Cfi3MXMAGAAGCX*AOCAAAACXnt» and 5 f ^QmX^OTAACTtG- 
CCCCICGTTGGTA. The resulting PCR product was doned into pETlIa 
f (Ncxv^) «smg the NM and the BamHl restriction sites. The resulting 
j l*«mid (pbPrP3) was transacted into £ <*K BL21 (DE3). Bacteria were grown 
| to OD^ = 0.8 then induced with I mM IPTG and further grown at 30 °C for 
3h. APrPoorresponding to the mature form of bovine PrP containing six 
ooarepeats" was purified from inclusion bodies after solubilization in 8M 
! orea, 10m M MOPS/NaOH. pH 7.0 (UM-buffer), on a CM sepiiarosecofamm 
(Pharmacia; UM, 0-0.5 M NaQ gradient) and reverse-phase HPLC (Vydac C, 
column, a 1% trifluoroatttic add. 0-<a>% acetonitrile gradient; CX and B.O, 
unpublished results). ResuMug fractions contained either ccddized (elntion 
time, 29 min) or reduced PrP (elmkm time, 34 nrfn). Usually, Ol-Sepharosc 
fi^titmswerec^W with 1 pM CuSO« for I h before purification byreverse- 
I phase HFttlPmifiedrbfTtfv^ 

proton of die expected mass in which the M-terminal methionine was 
imckavecL 

Immunization of PrP-nufl rnlco. 100 ^recombinant bovine PrP in Freund's 
complete adjuvant was injected into PrP null mice (mixed background 129/Sv 
and C57BLTCT") subcutaneousry, and 21 and 42 d biter with the san>e amount 
of antigen in Freumfs mcompiete adjutant. Mice were boosted iiitraperitonr- 
ally (day 48) and imravenoudy (day 49) with recombinant PrP dissolved in 
PBS, At day SO, nuce were decapitated and spienocytes fased to myeloma ceBs 
^cribed B . Supernatant* ofthe resulting hybridoma ceil fines were screened 
both by EUSA with re*»mbinant bovine PrP aj antigen and by EUFA M using 
nathe, protease-digested brain homogenate of BSE-diseased cattle. Positive 
hybridoma cells were subekmed three times. 

Charactertzallon of antibodies. Supernatant* of selected hybridoma* were 
! used to probe bovine Prf> i n brain homogenaies or recombinant PrP on western 

blots. To daenmne the epitopes, antibodies were incubated with a gridded 
I array of peptides comprising 104 polypeptides of 1 3 amino acids, shifted by two 

NATURE | VOL 590 1 6 NOVEMBER 1997 



amlnoaci&awicoveruigt^ 
oelapep^repea^.The peptide, w^ 

to a cellulose support as individual spots 0«im Bfotoofc, Berlin) Bound 
noS rJ^t Z*™* inura ^^ coupled to 

Hyperfilm ECL (Amersham). For immuiio^«^tation. 200 pj 1% brain 
hon^enates (predeared by centrlfugadon at 13,000^ for 15 mm) were 
incubated for 7h at room temperatuie with 200 ul (USmgrnT' antibedy- 
coutajnmg *erum-free medium; after incubation with an additional 50 ul 
protein A- or protein G«oupled agarose (for 1SB3 and 6714. respecriverr 
BV>ehrmger Mannheim) for 2 h at room temperature, agarose beads were 
.centn&ged at ISfiQOg for 3min and the pdfct washed according to the 
manner** Proteinase K (PK) digestfons of mununopredpiJes were 
done with 20pgmT* PK (Sigma) for 30min at 37-Cr^were 

gfob^coupfcdto peroxidase or a goat anU-rabbUlgG coupled to alkaline 
pho^tast Bound emymatk activity was visualized with cbeniihirninescent 
substrates (ECX, Amersham* or CSPD, Tropix» respectiveh/). 

^ ^ W« W ^ « U 'oo 1W ui« l3 i d£b^^ .^^rf^ 

t7>-17^fl9»S)^ n P fOI « asc K «nshhftjt KopiTi. Ra. Ommvn. 219, 

"•^^^^^"^^^^^^ 

Ifc £&cme«\ Maftf^ & & ThteiiaC J. Omni dbtifttniaa ef Dttm^uiw*^^ 



30. OnrnfffT^ tLt- &.r n^ , 1 f ff , w tf l y| 

1378-1379(1961). - 
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Creutzfeldt-Jakob Disease in Mice: Persistent Viremia and 
Preferential Replication of Virus in Low-Density Lymphocytes 

YASUO KURODA.t CLARENCE J. GIBBS, JR./ HERBERT L. AMYX, and D. CARLETON 

GAJDUSEK 

Laboratory of Central Nervous System Studies, National Institute of Neurological and Communicative 
Disorders and Stroke, National Insititutes of Health, Bethesda, Maryland 20205 
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The mode of replication of the 4 'unconventional virus" of Creutzfeldt- Jakob 
disease was studied in BALB/c mice infected intracerebrally. Vims was detected 
in the brain, spleen, lung, thymus, liver, kidney, and blood, but not in urine, at 
various time intervals after inoculation. The highest infectivity was present in the 
spleen from the second through the ninth weeks postinfection. Density gradient 
separation of spleen cells with colloidal silica (Percoll) revealed that the highest 
concentration of virus was present in blastoid cells from lower-density (1.05 to 
1.07 g/ml) fractions. These results suggest that blastoid cells play an important 
role as the initial replication site of virus in the pathogenesis of Creutzfeldt-Jakob 
disease in mice. 



It is now well established that Creutzfeldt- 
Jakob disease (CJD) is an "unconventional" 
virus-induced slow infection of the central ner- 
vous system (CNS) of humans and is classified 
as one of the naturally occurring "subacute 
spongiform virus encephalopathies" (9). The 
pathology of these encephalopathies is not asso- 
ciated with any evidence of host reaction of an 
inflammatory or immunological type, and virus- 
specific antibodies have never been detected. 

Although structural changes are limited to the 
CNS, virus can be recovered not only from CNS 
but also from several extraneural tissues (1, 6, 
13, 21, 22, 24, 28). For example, in experimental 
animals, the virus was present in the CNS, 
spleen, lymph node, thymus, kidney, liver, cere- 
brospinal fluid, and peripheral blood (1, 13, 28). 
The study reported here was undertaken to 
obtain data on the mode of replication and 
temporal distribution of CJD virus in relation to 
onset of the disease and to determine the impor- 
tant implication of the hematogenous route of 
vims dissemination 

MATERIALS AND METHODS 

Mice. Weanling female BALB/c mice obtained from 
the animal colony of the Frederick Cancer Research 
Center, Frederick, Md., were used throughout these 
studies. 

Virus. A Japanese strain (Fu) of CJD virus (27), 
isolated in mice inoculated. with human brain from a 
patient with an atypical case of CJD, at the second 

t On leave from the Department of Virology. School of 
Medicine, Kyushu University, Fukuoka. Japan 812 (Present 
address: Department of Internal Medicine, Saga Medical 
School, Saga, Japan 840-01). 



mouse intracerebral passage level, was used. The 
inoculum for mice was prepared from mice with ad- 
vanced clinical CJD. It consisted of the supernatant of 
a 10% (wt/vol) suspension of brain in phosphate- 
buffered saline (PBS), pH 7.4, centrifuged at 2,550 x g 
for 30 min. Thirty microliters (3.1 x 10 4 mouse 50% 
lethal doses [LD 30 ]) of this supernatant were inoculat- 
ed intracerebrally (i.e.) into each weanling mouse. 

Removal of infected tissues. Mice were sacrificed at 
various time intervals as described below. To avoid 
cross-contamination of tissues, aseptic techniques 
were employed, and each tissue was processed with a 
separate set of sterile instruments. Tissues were re- 
moved in the following order: urine, blood, brain, 
spleen, kidney, liver, thymus, and lung. The urine was 
collected in sterile tubes by pressing the lower abdo- 
men and dialyzed against PBS overnight because of its 
toxicity. Whole blood was collected by cardiac punc- 
ture into heparinized syringes, transferred to a sterile 
tube, immediately centrifuged at 259 x g for 20 min, 
and then frozen at -70°C overnight (15). The following 
day, frozen blood was cut with a sterile blade approxi- 
mately 0.5 cm beyond each side of the buffy coat. 
Tissues and body fluids were stored at -70°C until 
used. 

Preparation of spleen cell suspension. Groups of 10 
mice were sacrificed at 9 and 18 weeks postinfection. 
The spleens were removed aseptically, minced finely 
in ice-cold Eagle minimum essential medium (MEM) 
containing 2 mM L-glutamine, 100 U of penicillin per 
ml, 100 u.g of streptomycin per ml, and 20% fetal 
bovine serum (FBS) (20% FBS-MEM), and filtered 
through several layers of sterile gauze. Erythrocytes 
were lysed with 0.83% ammonium chloride. The ( 
spleen cells were then washed twice and suspended at/ 
a concentration of 10 7 cells per ml in 20% FBS-MEM./ 

Separation of spleen cells. Spleen cells were separate 
ed into macrophages and lymphocytes by the different 
tial adherence of cells to plastic. Five milliliters of the 
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spleen cell suspension was incubated in a plastic petri 
dish (Falcon no. 1007; Falcon Plastics, Oxnard, Calif.) 
at 37°C for 60 min. Plastic-nonadherent cells (lympho- 
cytes) were removed by pipetting. Plastic-adherent 
cells (macrophages) were collected by a rubber police- 
man, washed twice, and suspended in 20% FBS- 
MEM. The purity of the macrophage fraction was 
examined by the phagocytic activity. Samples (0.5 ml) 
of a 5% (vol/vol) opsonized sheep erythrocyte suspen- 
sion were added to the adherent cells in a plastic petri 
dish and incubated at 37°C for 120 min. They were 
then rinsed with PBS, and sheep erythrocyte-ingested 
cells were determined by staining with Giemsa. More 
than 95% of cells in this fraction were macrophages. A 
part of the macrophage fraction was cultured for the 
study of infectivity. They were maintained in plastic 
petri dishes (Falcon no. 1007) at 37°C in a humidified 
5% CO} atmosphere, and the medium was changed 
twice a week. The medium consisted of Dulbecco 
MEM supplemented with 10% L-cell conditioned me- 
dium (19), 10% PBS, and 5% horse serum. 

Fractionation of spleen lymphocytes. The plastic non- 
adherent cells (lymphocytes) were fractionated into T- 
cell and B-cell fractions by the nylon wool method 
(16). Briefly, 2 x 10 s cells in 2 ml of 20% FBS-MEM 
were allowed to incubate for 60 min at 37°C in a 20-ml 
syringe containing 1.5 g of nylon wool. Nylon wool- 
nonadherent cells were eluted by washing the nylon 
wool with 60 ml of warm medium; nylon wool-adher- 
ent cells were collected by gently squeezing the nylon 
wool. The efficiency of fractionation was monitored by 
assaying for T cells by the cytotoxicity test. Briefly, 
0.2 ml (2 x 10 5 cells) of the cell suspension were mixed 
with 0.2 ml of rabbit anti-mouse thymocyte serum 
(x256: Microbiological Associates, Rockville, Md.) 
and 0.4 ml of guinea pig complement (x5; Row 
Laboratories, Inc., Rockville, Md.) and incubated at 
37^C for 60 min. The percentage of T cells in each cell 
fraction was more than 95% in the T-cell fraction and 
less than 20% in the B-cell fraction. 

Subfractionation of spleen T cells and B cells. Both T- 
cell and B-cell fractions were further fractionated into 
10 subtractions on continuous density gradients of 
colloidal silica (Percoll; Pharmacia Fine Chemicals, 
Piscataway, N.J.). A stock solution of Percoll was first 
made by mixing undiluted Percoll with 0.15 M NaCl at 
a ratio of 55:25, and 9 ml of this mixture was centri- 
fuged in a fixed-angle rotor at 20,000 x g for 30 min. 
After centrifugation, 10 s cells in 1 ml of 0.15 M NaCl 
was carefully layered on the top of the gradient and 
centrifuged at 800 x g for 15 min. Ten 1 .0-ml fractions 
were recovered from the top of gradient and analyzed 
for density profile and cell count. 

Lymphocyte culture. The cells from each lympho- 
cyte fraction and subtraction were cultured in micro- 
liter plates (Falcon no. 3040) for the study of DNA 
synthesis and the proliferative response to lymphocyte 
mitogens. Cultures were triplicate 0.2-ml samples of 
the cell suspension containing 2 x 10* cells per ml in 
10% FBS-MEM supplemented with 5 x 10* M 2- 
mercaptoethanol. Cells were incubated at 37°C for 3 
days in a humidified 5% C0 2 atmosphere and pulsed 
with 0.4 u.Ci of [ S -H]thymidine [6- 3 H]thymidine, 22 
Ci/mmol; New England Nuclear Corp., Boston, 
Mass.) for 24 h before harvesting. For mitogenic 
stimulation, 20 u.1 of concanavalin A (Con A, 20 u.g/ml; 
Miles Laboratories, Inc., Elkhart, Ind.), or 20 p.1 of 



lipopolysaccharide (LPS) from Escherichia coli 
055:B5 (20 u.g/ml; Difco Laboratories, Detroit, Mich.) 
were added to 0.2 ml of the cell suspension. Acid- 
insoluble materials from cultured cells were collected 
on glass fiber filters, and isotope incorporation was 
measured in a liquid scintillation counter. 

In vitro Infection of normal spleen cells with virus. 
Virus for these experiments was prepared as follows. 
Forty milliliters of a 10% (wt/vol) suspension of infect- 
ed mouse brain was mixed with 20 ml of Freon 113 
(dichloro-difluorome thane; Matheson Gas Instru- 
ments, Palo Alto, Calif.) and homogenized in a Sorvall 
Omni-Mixer (Dupont Instruments, Newtown, Conn.) 
at the top speed (4,000 rpm) for 10 min. This homoge- 
nate was subsequently centrifuged at 50,000 x g for 60 
min. The aqueous supernatant (3 x 10 5 mouse LD50 of 
virus per ml) was used, as the source of virus. 

The spleen cells were taken from normal BALB/c 
mice aged 9 weeks and separated into macrophage, T- 
cell, and B-cell fractions. Part of the T-ceil fractions 
and part of the B-cell fractions were stimulated in vitro 
with ConA and LPS, respectively. For stimulation of 
T cells and B cells, 4 u.g of ConA or 40 jig of LPS was 
added to each cell suspension (4 x 10 6 cells per 2 ml) 
and cultured for periods ranging from 1 to 3 days. 
Unstimulated and stimulated spleen cells were adjust- 
ed to a concentration of 2.5 x 10 7 cells per 0.5 ml, and 
equal volumes of Freon-extracted virus solution were 
mixed with them. They were then incubated at 37°C 
for 120 min. After incubation, the cells were washed 
five times with PBS to remove the unadsorbed virus. 
As a control, a normal spleen lymphocyte suspension 
and the virus solution were incubated separately at 
37°C for 120 min. They were then mixed and, immedi- 
ately thereafter, washed five times with PBS. 

Assay of infectivity of tissues and cells. Individual 
tissues from CJD virus-infected mice were homoge- 
nized in Tenbroeck grinders to a 10% (wt/vol) suspen- 
sion in PBS and centrifuged in the cold (4°C) at 2,550 x 
g for 30 min. Thirty microliters of the supernatants 
was inoculated i.e. into each weanling recipient 
mouse. The blood and the urine were inoculated i.e. 
undiluted. To demonstrate viremia, a single dose of 30 
u.1 of the buffy coat-enriched fraction was inoculated 
i.e., and 100 yJ of other fractions (serum and erythro- 
cytes) collected at weekly intervals were inoculated 
intraperitoneally. Once every week for 5 weeks, simi- 
larly dialyzed urine, collected on a weekly basis from 
the same mice, was inoculated i.e. at a dose of 30 u.1. 

Each spleen cell fraction taken from CJD virus- 
infected mice or cells infected in vitro with CJD virus 
was adjusted at an appropriate cell concentration in 
PBS as described below. After treatment of three 
cycles of freezing and thawing, 30 y.1 of each cell 
suspension was inoculated i.e. into each weanling 
mouse. 

After 100 days, mice were examined three times a 
week for overt signs of the disease, and the examina- 
tion was continued up to 360 days after inoculation; 
then asymptomatic survivors were killed for histologi- 
cal study of the CNS. Incubation periods were calcu- 
lated from the date when unmistakable signs of CJD 
became apparent. Infectivity was quantitated by the 
length of mean incubation periods and the incidence of 
dead mice or by determining the amount of virus in 
animal tissues or in vitro-infected spleen cells required 
for 1 mouse LD50. 
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TABLE 1. Infectivity of tissues from BALB/c mice inoculated i.e. with 3.1 x 10 4 mouse LDjo of CJD virus" 



Tissue 






Infectivity at week after inoculation of vims: 






l 


2 


3 


6 


9 


14 


18 


Brain 


174 (5/5) 


167 (676) 


151 (7/7) 


133 (5/5) 


129 (5/5) 


122 (7/7) 


112 (7/7) 


Spleen 


167 (6/6) 


133 (6/6) 


129 (676) 


126 (6/6) 


126 (6/6) 


136 (676) 


151 (676) 


Lung 






154 (5/6) 


139 (676) 


146 (6/6) 


149 (676) 


186 (6/6) 


Liver 


— (0/7) 


-(0/7) 


-K0/7) 


— (0/7) 


-(0/7) 


-(0/7) 


271 (5/5) 


Kidney 


— (0/7) 


-(0/7) 


-AOH) 


-(0/7) 


190 (5/7) 


— (0/7) 


—(0/7) 


Thymus 










153 (6/6) 


162 (3/3) 


181 (5/5) 


Blood 


— (0/4) 


-(0/4) 


-(0/2) 


281 (5/5) 


213 (3/3) 


156 (3/3) 


142 (5/5) 


Urine 




-«V4) 


-<0/3) 


-<0/4) 


-<0/6) 


—(0/6) 


-(0/5) 


° For the infectivity assays, 0.03 ml of the supernatant of a 10% (wt/vol) homogenate of each tissue was 



inoculated i.e. into weanling mice; to demonstrate viremia, 0.03 ml was inoculated intraperitoneally into mice; 
0.03 ml of urine, previously dialyzed against PBS, was inoculated i.e. The results are expressed as the mean 
incubation days (— , no infectivity) in the recipient mouse, with the number of dead mice/number of mice 
examined within parentheses. The standard error was >2.5% of the mean incubation period. 



RESULTS 

Clinical and histological observation of CJD 
virus-infected mice. Groups of 7 to 10 mice were 
P f killed for the study of infectivity of tissues and 
histology of the CNS at 1, 2, 3, 6, 9, 14, and 18 
weeks after inoculation of virus. One group of 10 
mice was used for clinical observation. This 
group of mice exhibited typical signs of the 
disease such as ruffled fur, weight loss, arched 
back, plasticity of tail, and bradykinesia at ap- 
proximately week 16 postinoculation; the mean 
incubation period in this group was 112 days, 
with a duration of clinical disease less than 2 
weeks. 

The characteristic histopathological changes 
consisting of status spongiosis, astrocytic prolif- 
eration and hypertrophy, and neuronal loss were 
first noted in the CNS at week 9 postinoculation. 

Infectivity of tissues from CJD virus-infected 
mice. Infectivity was detected in the brain and 
spleen from week 1 after inoculation of virus 
(Table 1). Of tissues examined, the highest infec- 
tivity was present in the brain or the spleen 
throughout the infection. However, the mode of 
replication of virus in the spleen was quite 



different from that in the brain. The infectivity of 
spleen reached its peak before the appearance of 
clinical disease and decreased remarkably there- 
after; meanwhile, the infectivity of brain in- 
creased with time and reached its plateau ap- 
proximately 18 weeks after inoculation, when all 
surviving mice were moribund. Notably, the 
highest infectivity was present in the spleen 
from week 2 through week 9 postinoculation 
even when the virus was inoculated i.e. Of other 
tissues examined, moderately high infectivity 
was found in the lung from week 3 postinfection 
and in the thymus from week 9 postinfection 
(Table 1). Low infectivity was detected tran- 
siently in the kidney at week 9 and later in the 
liver at week 18 post-inoculation. Infectivity was 
present in the circulating blood from the sixth 
week and persisted throughout the infection. 
Infectivity was not detected in the urine. 

Infectivity of spleen cells from CJD virus-infect- 
ed mice. Initially, the infectivity of spleen mac- 
rophages, T cells, and B cells was studied at the 
week 18 after inoculation. In this experiment, a 
dose of 2 x 10 6 cells was inoculated i.e. into 
each recipient mouse. Infectivity was found in 
each of the cell subpopulations (Table 2). How- 



TABLE 2. Infectivity of spleen ceil subpopulations taken from BALB/c mice with clinical CJD° 



Dose No. of mice Mean incubation 

(cells/mouse) 6 dead/total (days) ± SD 



T cell-enriched fraction 


2 x 10 6 


7/7 


183 ± 2 


B cell-enriched fraction 


2 x 10 6 


7/7 


184 ± 3 


Macrophage-enriched 


2 x 10 6 


9/9 


227 ± 3 


fraction 








Macrophages cultures 


2 x 10 6 


7/9 


276 ± 3 


in vitro for 4 weeks 








Macrophages cultures 


2 x 10 6 


079 




in vitro for 8 weeks 









" Each spleen cell subpopulation was prepared from mice 18 weeks after an i.e. inoculation of 3.1 x 10 4 mouse 
LDso of virus. 

6 Cells were inoculated i.e. after three cycles of freezing and thawing. 
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FIG. 1. Density and percentage of spleen cells recovered in each fraction of a continuous density gradient of 
Percoll. The cells were taken from mice at week 7, 12, and 18 after an i.e. inoculation of 3.1 x 10 4 mouse LDjo of 
CJD virus and from normal mice at the same age. Ten 1.0-ml cell fractions were recovered and numbered from 
the top of gradient. The pattern of distribution of cells throughout the gradient was essentially identical among 
normal mice with different ages. 



ever, the mean incubation period for mice inocu- 
lated with the macrophage fraction was delayed 
more than 40 days from those of mice inoculated 
with lymphocyte fractions. The highest concen- 
tration of virus was prsent in lymphocyte frac- 
tions. The infectivity of macrophages was also 
studied after 4 and 8 weeks of in vitro culture. 
Infectivity was found in the macrophages after 4 
weeks of culture, but the mean incubation peri- 
od for the recipient mouse was prolonged more 
than 50 days from that of mice inoculated with 
the uncultured macrophages (Table 2). Infectiv- 
ity was not detected in the macrophages after 8 
weeks of culture. 

Infectivity of spleen lymphocyte subpopulations 
from CJD virus-infected mice. In an attempt to 
determine which of the spleen lymphocyte sub- 
populations were most infectious, spleen lym- 
phocytes obtained from CJD virus-infected mice 
at week 18 postinoculation were separated into 
10 fractions on a continuous density gradient of 
Percoll. The density profile of Percoll gradient 
and the percentage of lymphocytes recovered in 
each 1.0-ml fraction are shown in Fig. 1. Viable 
cells were not found in the superficial fraction 
(fraction 1), which consisted of 0.15 M NaCl 
layered on the top of gradient, whereas the 
viability of the cells was almost 100% in other 
fractions. This result showed that dead cells did 
not enter the gradient of Percoll. The pattern of 
distribution of cells recovered in each fraction of 
Percoll gradient in CJD virus-infected mice was 
almost similar with that of normal mice of the 
same age (Fig. 1). 

The infectivity of cells from each cell fraction 
could only be tested by the i.e. inoculation of 10 5 
cells per mouse because of low recoveries of 



cells in fractions 9 and 10 (Fig. 1). The infectivity 
was found in all fractions except fraction 9 
(Table 3). It is evident that lymphocytes from 
lower-density fractions (fractions 2 to 5; densi- 
ties, 1.03 to 1.08 g/ml, respectively) were more 
infectious than those from higher-density frac- 
tions (fractions 6 to 10; densities, 1.09 to 1.12 
g/ml, respectively). The highest infectivity was 
found in lymphocytes from fraction 3 (density, 
1.05 g/ml) and fraction 4 (density, 1.07 g/ml) as 
shown by both the shortest mean incubation 
periods and the highest incidences of dead mice 
in the recipient mice (Table 3). Morphologically, 
large lymphocytes or blastoid cells were ob- 
served in lower-density fractions, and small lym- 
phocytes were observed in higher-density frac- 
tions. This observation was confirmed by the 
experiment on the lymphocyte thymidine up- 
take. The level of [ 3 H]thymidine uptake of lym- 
phocytes from fractions 2 to 5 was higher than 
that of lymphocytes from fractions 6 to 10 (Table 
3). Furthermore, the fractionation of in vitro 
mitogen-activated spleen T and B cells from 
normal mice by Percoll showed that 90% of 
activated lymphocytes were included in frac- 
tions 2 to 5; fractions 3 and 4 contained more 
than 70% of these activated cells (Fig. 2). 

Infectivity of spleen T cells and B cells from 
CJD virus-infected mice. The infectivity of 
spleen T cells and B cells from CJD virus- 
infected mice were further analyzed by the den- 
sity separation with Percoll. This experiment 
was performed in mice at week 9 after inocula- 
tion when the spleen contained the highest infec- 
tivity throughout the infection. In these experi- 
ments two serial 1.0-ml fractions were mixed 
and tested for their infectivity because of very 
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TABLE 3. Infectivity of spleen lymphocyte subpopulations taken from BALB/c mice with clinical CJD" 



Infectivity* [ 3 H)thymidine uptake of cells' (cpm) 



Lymphocyte 
fraction 


No. of mice 
dead/total 


Mean incubation 
(days) ± SD 


Unstimulated 


Stimulated with: 
ConA LPS 


Unfractionated 


5/8 


221 ± 9 


706 


50,072 


12,584 


Fraction 1 








Fraction 2 


7/8 


225 ± 25 


640 


93,716 


18,763 


Fraction 3 


8/8 


190 ± 7 


2,397 


46,960 


11,021 


Fraction 4 


8/8 


183 ± 2 


5,460 


87,692 


27,852 


Fraction 5 


678 


221 ± 5 


1,108 


106,126 


28,142 


Fraction 6 


478 


226 ± 4 


507 


94,425 


14,512 


Fraction 7 


2/8 


242 ± 9 


135 


105,430 


5,942 


Fraction 8 


1/8 


216 ± 0 


104 


66,740 


2,608 


Fraction 9 


0/8 




470 


57,988 


2,101 


Fraction 10 


1/7 


248 ± 0 


199 


67,456 


2,134 



° Spleen lymphocytes were prepared from mice 18 weeks after an i.e. inoculation of 3.1 x 10 4 mouse LD 50 of 
virus. Spleen lymphocytes were separated into 10 fractions on a continuous density gradient of Percoll. Fractions 
were numbered from the top of the gradient. 

* Lymphocytes were inoculated i.e. into the recipient mouse as a concentration of 10 s cells per mouse after 
three cycles of freezing and thawing. 

r Lymphocytes were harvested after 3 days of culture. For mitogenic stimulation 0.4 \i% of ConA or 4 jig of 
LPS was added to each cell culture (4 x 10* cells per 0.2 ml). 



low recoveries of cells in fractions 9 and 10 
(Table 4). Infectivity was found in both T-cell 
and B-cell fractions, but much higher infectivity 
was found in the B-cell fraction. Evidence of 
higher infectivity of the B-cell fraction than the 
T-cell fraction was shown by shorter mean incu- 
bation periods, higher incidences of dead mice, 
and the lesser number of cells required for 
mouse LD 50 in the recipient mice (Table 4). The 
highest infectivity was found in lower-density B- 
cell fractions (fractions 2 to 4; densities, 1.03 to 
1.07 g/ml, respectively). In the case of T cells, 
cells from lower-density fractions were also 
more infectious than those from higher-density 
fractions. 

Concurrently, the mitogenic ability of these 
infected spleen T cells and B cells was studied 
(Table 4). The background [ 3 H]thymidine up- 
take was much higher in cells from the B-cell 
fraction than those from the T-cell fraction. The 
highest background [ 3 H]thymidine uptake was 
found in cells from fractions 3 and 4 of the B-cell 
population, in which the highest infectivity was 
also detected. In both cell fractions, cells from 
lower-density fractions incorporated [^thymi- 
dine more actively than those from higher-densi- 
ty fractions. The proliferative response of spleen 
T cells and B cells to each mitogen was well 
preserved. There was no difference in the level 
of backgorund [ 3 H]thymidine uptake and prolif- 
erative response to mitogens between normal 
spleen cells and CJD virus-infected ones. 

In vitro infection of normal spleen cells with the 
vims. The susceptibility of spleen cells to CJD 
virus was also studied by means of in vitro 



coincubation of cells with the virus for 120 min 
at 37°C. In this experiment, unstimulated macro- 
phages, unstimulated T cells and B cells, and in 
vitro mitogen-activated T cells and B cells were 
studied for their susceptibility to the virus. Table 
5 shows the difference in the quantity of virus 
present in each cell fraction. Macrophages and 
unstimulated T cells and B cells required ap- 
proximately 10 s cells for one mouse LD50, 
whereas with 3-day activated T cells and B cells 
fewer than 10 3 cells were required for one mouse 




123456789 10 



Number of Fractions 

FIG. 2. Density and percentage of mitogen-activat- 
ed spleen T cells and B cells recovered in each fraction 
of a continuous density gradient of Percoll. The cells 
were taken from normal BALB/c mice. For mitogenic 
stimulation 4 tig of ConA or 40 u.g of LPS was added to 
each T-cell or B-cell culture (4 x 10* cells per 2 ml). 
After 3 days of culture, cells were fractionated into 10 
1.0-ml fractions with Percoll gradient. Fractions were 
numbered from the top of gradient. 
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TABLE 4. Infectivity and thymidine uptake of spleen T cells and B cells taken from CJD virus-infected 

BALB/c mice 0 



Infectivity of cells* 



['HJthymidine uptake of cells r (cpm) 



Spleen lymphocyte 
subpopulaiion 



No. of mice 
dead/total 



Mean incubation 
(days) ± SD 



No. of cells for 
mouse LD50 
Oogio) 



Stimulated with: 



Unstimulated 



ConA 



LPS 



T cells 

Unfrac donated 5/6 

Fractions 1 and 2 5/7 

Fractions 3 and 4 111 

Fractions 5 and 6 2/6 

Fractions 7 and 8 1/7 

Fractions 9 and 10 0/7 

B cells 

Unfractionated 16/18 

Fractions 1 and 2 5/7 

Fractions 3 and 4 6/7 

Fractions 5 and 6 6/7 

Fractions 7 and 8 3/6 

Fractions 9 and 10 4/6 



233 ± 17 
219 ± 4 
227 ± 17 
239 ± 5 
250 ± 0 



203 ± 15 

211 ± 15 
181 ± 10 

212 ± 17 
224 ± 2 
233 ± 13 



4.0 
4.0 
4.3 
5.0 
5.0 



2.6 
2.6 
2.6 
3.5 
5.0 
4.5 



490 
342 
785 
313 
257 
172 



1,091 
2,181 
5,473 
1,944 
350 
362 



87,054 
54.674 
99.333 
74,128 
59.676 
29.013 



27.270 
23,274 
63,604 
44.878 
16.787 
8.568 



0 Spleen T and B cells were prepared from mice 9 weeks after an i.e. injection of 3.1 x 10 4 mouse LD50 of CJD 
virus. They were fractionated into 10 fractions on a continuous density gradient of Percoll. Fractions were 
numbered from the top of gradient. 

6 Mice were inoculated i.e. with 3.3 x 10 s cells per mouse. 

c For mitogenic stimulation. 0.4 p.g of ConA or 4.0 jig of LPS was added to each cell culture (4 x 10 5 cells per 
0.2 ml). 



LD 50 . No virus was demonstrated in the cells 
used as controls. 

DISCUSSION 

The present studies demonstrate the mode of 
replication and temporal distribution of virus in 
CJD in mice. Replication of a Japanese strain 
(Fu) of CJD virus was indistinguishable from 
that of scrapie virus; in scrapie in mice the virus 
is present in the brain, spleen, thymus, and lung 
at high titers and in the kidney and liver at low 
titers (6, 22). The present studies also demon- 
strated the persistence of viremia from the early 
stage of infection in CJD. This result confirmed 
the earlier observation of Manuelidis et al. (20) 
in CJD in guinea pigs. The presence of infectiv- 
ity in the peripheral blood was also reported by 
our group (12) and others (3) in scrapie and by 
Tateishi et al. (27) in CJD. In contrast, several 
investigators have reported their faillure to de- 
tect infectivity in the blood when whole blood 
(24) or serum (6) were tested for infectivity. The 
possibility of contamination of infectious tissues 
into blood can be ruled out in the present studies 
because the blood was taken by direct cardiac 
puncture. The successful demonstration of vire- 
mia in the present studies was obtained by serial 
i.e. inoculation of buffy coat, suggesting that in 
the peripheral blood maximum titer of virus 
exists in leukocytes (buffy coat), rather than in 
the serum or erythrocytes. The persistence of 
viremia from the early stage of infection in the 



present studies would also indicate that the 
blood is the most likely vehicle for the second- 
ary dissemination of virus from the initial repli- 
cation sites in CJD. 

The highest infectivity from the weeks 2 
through 9 post-inoculation was observed in the 
spleen even when the virus was inoculated i.e. A 
number of findings can be construed as support- 
ing this result. In scrapie in mice, in addition to 
the findings of earliest rise in titer in the spleen 
irrespective of route of infection (6, 22), there is 
an increased incubation period in splenecto- 
mized or spleenless mutant mice by the intra* 
peritoneal route of inoculation (7, 8), suggesting 
that there is an initial replicative phase of the 
infection in the spleen. The question therefore 
arises as to which spleen cell subpopulations are 
involved in the initial extraneural replicative 
phase of the infection. The present studies on 
the infectivity of spleen cells at the early (week 
9) and late (week 18) stages of the infection 
demonstrated that lower-density lymphocytes 
contained a high concentration of virus. Further, 
spleen lymphocytes from lower-density frac- 
tions of the Percoll gradient were highly en- 
riched in blastoid cells synthesizing DNA active- 
ly. Accordingly, it is assumed that developing 
lymphocytes, i.e., the blastoid cells, play an 
important role as the initial replication site of 
virus in the pathogenesis of spongiform enceph- 
alopathies. Experiments of in vitro infection of 
spleen cells with CJD virus supported this view. 



r 
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TABLE 5. Infectivity of spleen cell subpopulations infected in vitro with CJD virus 0 

Spleen lymphocyte subpopulations de^oS* M j 1 ™ 1 ^ n mouse*"* 

LDjo r 

Unstimulated cells 

Macrophages 1/4 238 ± 0 >5.0 

Unfractionated lymphocytes 5/6 210 ± 14 4.5 

T ceUs 6/7 207 ± 17 4.4 

B cells 1/7 204 ± 0 >5.0 

1- day stimulated cells 

T cells 5/6 195 ±3 3.9 

B cells in 180 ± 2 4.0 

2- day stimulated cells 

T cells 111 168 ± 2 3.6 

B cells 7/7 171 ±5 3.5 

3- day stimulated cells 

T cells 7/7 170 ± 7 2.7 

B cells It! 165 ± 7 2.5 



" The cells were taken from normal BALB/c mice. For stimulation of T cells and B cells, 4 jig of Con A and 40 
u£ of LPS, respectively, were added to each cell culture (4 x 10* cells per 2 ml). Both unstimulated and 
stimulated cells (2.5 x 10 7 cells per 0.5 ml) were coincubated with CJD virus (1.5 x 10 5 mouse LD50 per 0.5 ml) at 
37°C for 120 min. The cells were then washed five times with PBS, adjusted to concentrations of 10 3 to 10 6 cells 
per 3 ml, and treated with three cycles of freezing and thawing. 

6 The incidence of dead mice and mean incubation period in the recipient mouse inoculated intracerebral! y 
with 10 5 cells per mpuse. 

c The amount of cells needed for one mouse LD 50 (tog titer). The cells were inoculated i.e. at concentrations of 
10 5 cells per mouse. 



The activation of spleen lymphocytes with mito- 
gens enhanced the susceptibility of cells to the 
virus. Lavelle et al. (18) reported that in scrapie 
virus-infected mice the highest infectivity was 
detected in large spleen cells from lower-density 
fractions of discontinuous albumin density gra- 
dients, and the separation of macrophage-en- 
riched fraction did not result in significant en- 
richment of scrapie virus-infected cells. 
Moreover, the susceptibility of mice to scrapie 
was reduced after steroid administration (23), 
whereas mitogenic stimulation of the host en- 
hanced susceptibility to the disease (4). The 
mechanisms of these phenomena are not under- 
stood, but possible explanations are that these 
immunological treatments eliminated or in- 
creased activated lymphocytes providing the 
initial replication site for virus. This view is not 
surprising since it is well known that activated 
lymphocytes have the capacity to support repli- 
cation of diverse types of conventional viruses 
(5, 17, 25, 29). 

As for the difference in the infectivity between 
T cells and B cells in the present studies, one 
possible explanation for this difference could be 
that genetically there is a higher susceptibility of 
B cells to CJD virus. However, the experiments 
of in vitro infection of spleen cells with the virus 
showed that there was no difference in suscepti- 
bility between T cells and B cells. The most 
probable explanation for this difference is that 



lower-density B cell fractions were highly en- 
riched in blastoid cells having the capacity to 
support virus replication. 

There exists a possibility that the contamina- 
tion of free virus or dead cells introduced arti- 
facts in the infectivity titer of each cell fraction; 
however, the densities associated with the high- 
est infectivity, i.e., 1.05 to 1.07 g/ml, were 
absolutely different for the findings of buoyant 
density studies of cell-free scrapie virus showing 
peak infectivity at densities of 1.14 to 1.30 g/ml 
(2, 26). Concerning the possible contamination 
of dead cells into each cell fraction, we demon- 
strated that dead cells did not enter the gradient 
of Percoll. Gmelig-Meyling and Waldman (14) 
also reported no entrance of dead cells into 
Percoll gradients. Therefore, we assume that the 
difference in the titer of infectivity resulted from 
the difference in specific infectivity of each cell 
fraction. 

Recently, Garfin et al. (10, 11) reported that 
the proliferative response of spleen lymphocytes 
to LPS was significantly suppressed in scrapie 
virus-infected BALB/c and C3H/HeJ mice. 
Their findings suggest that this unconventional 
virus has a capacity to exert a biological influ- 
ence on host cells. To test this hypothesis, the 
responsiveness of CJD virus-infected spleen 
lymphocytes to mitogens was analyzed in detail. 
Spleen lymphocytes were fractionated into T 
cells and B cells and thereafter further fraction- 



Vol. 41, 1983 



CJD IN MICE 161 



ated into five fractions by continuous density 
gradients of Percoll. The results of these experi- 
ments showed that CJD virus did not exert any 
biological influence on the ability of T cells and 
B cells to respohd tp mitogens. Our previous 
experiments of coincubation of normal spleen 
cells with CJD vims in the presence of ConA or 
LPS for periods ranging from 2 to 5 days also 
showed that the virus exerted no influence on 
the mitogen-driveri lymphocyte proliferative re- 
sponse. 

The strain of CJD virus used in the present 
studies is different from other strains in that this 
strain was associated with considerable status 
spongiosis of the white matter of the patient's 
brain as well as the brains of experimentally 
infected animals, and it could be transmitted into 
small rodents (27, 28). However, fundamental 
physical and chemical properties and biological 
behaviors are essentially the same with other 
strains of CJD virus and scrapie virus (27, 28). 
Therefore, the general phenomenon in the 
pathogenesis of CJD in mice may be identical to 
that in primates. Accordingly, of particular sig- 
nificance to our understanding of CJD infection 
in humans is the finding of the wide dissemina- 
tion and persistence of high concentrations of 
virus in extraneural tissues, including blood, 
long before the onset of clinical disease. 
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buffy coat and 0,3 ml each of ► .ma and 

red blood cells were placed En a sterile 
glass tube and thawol^^e buffy coat 
was used for mocJ^Prls undiluted. 
Three normal, guinea pigs (recipients) 
were inoculated with the blood of each 
donor animal every week; each guinea 
ptg received 0.1 ml mtracerebrally, sub* 
cutaneous ty. mtramusculariy. and wtra- 
perisonealiy. 

Virus was present in the circulating 
blood drawn from donor guinea pigs at 
the 1st. 2nd, 3rd, 12th, 13th, ISih. 20th. 
24th, 25th and 26th weeks after in- 
oculation (Table 1). The brains of re- 
cipients moculated with these bloods 
showed microscopic evidence of a spon- 
giform virus encephalopathy, which is 
characteristic for experimental Creutz- 
feidt-Jakob disease. The fate of many 
recipient animals is stilt pending; thus 
it cannot yet be decided conclusive- 



qotout guinea 

sn th^^and 
we|^B re- 



ly whether there is an ecSpse of the virus 
from the blood of the donor guinea 
pigs— for example, between ' 
12th weeks. By the 28th 
(naming donor animals showed; 
and microscopically advanced stages 
of experimental Creutzfekft-Iakob dis- 
ease. 

In contrast to signs in the donor ani- 
mals that were inoculated with infected 
brain, the corneal signs of the disease in 
the recipient guinea pigs inoculated with 
the buffy coat were very subtle, con- 
sisting of ruffled fur, sluggish or' un- 
coordinated movements of the ex- 
tremities and head, lack of interest in 
food, and generalized weakness. Ten of 
the positive recipient animals showed 
these clinical signs (/«), and, with the ex- 
ception of the CNS lesions, no pathologi- 
cal findings were present in the visceral 
organs. The long incubation periods in 



Table I. Preliminary data on virenua experiments in Crculzfctdt -Jakob disease. 



Blood taken 
alter infection 


Guinea, pigs 
inoculated 
with blood 


Subsequent 
condition 


form 
encepha- 
lopathy 






uay kiiieo 


4- 


1st week 


No. 2 


Pending 






No!* 


Pending 






No, I 


Day 429. killed 




2nd week 


No. 2 


Day 488. found dead 






No. 3 


Pending 




3rd week 


No. I 


Day 2. found dead 




No, 2 


Day 2, found dead 






No. 3 


Day 308, killed 


+ 


<th lo 1 fth weeks 


Three animals each week 


All alive (pending) 




12th week 


No. 1 


Day 438. found dead* 




No. 2 


Day 504. killed 


+ 




No. 3 


Pending 






No. 1 


Day 379. killed 




13th week 


No. 2 


Pending 






No. 3 


Pending 




14th week 


Three animals each week 


Alt alive (pending) 






No. 1 


Day 52, found dead* 




15th week 


No. 2 


Day 138, found dead 4 






No. 3 


Day 463. killed 




16th to 19th weeks 


Three animals each week 


AH alive (pending) 




20th week 


No. 1 


Day 396; kilted 




No. 2 


Day 447 kitted 






No. 3 


Pending 




21st to 23rd weeks 


Three animate each week 


All alive (pending) 




24ihweek 


No. 1 


Day 1 . found dead 




No. 2 


Day 307. killed 


+ 




No. 3 


Pending 




25th week 


No. 1 


Day J47, killed 


4- 


No. 2 


Day 184. killed 


+ 




No. J 


Day 343. killed 


+ 


26th week 


No. 1 


Day 210, kitted 




No. 2 


Pending 






No. 3 


Pending 




27th and 28th weeks 


Three animals each week 


All alive (pending) 
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these animals suggest that the titers ofvi 
rus in the blood were low. la the remain, 
ing four positive recipient animals, none 
of the above clinical signs could be de- 
tected; within a day or two these ani- 
mals became prostrated and moribirad 
without any detectable prodromal signs 
US), 

The recipient animals were defined as 
positive by the presence of a sr^ongiforoj 
enc ephalo pathy. The most conspicuous 
and prominent change was a widespread 
d estruction of the nerve ce lls, which was 
present predominantly in the cerebral 
cortex, and to a lesser degree in the basal 
nuclei, thalamus, and hypothalamus: la 
some cortical regions only a few well- 
preserved neurons were present, many 
nerve cells had disappeared, and in oth- 
ers the only structure still remaining was 
the swollen, pale, lytic nucleus. Status 
spongioses was seen in the neuropil (Fig. 
I), and to a lesser degree vacuoles were 
found in the cytoplasm of (he nerve cells 
in the cortex and m the subcortical gray 
structures. A mo derate increase of astro- 
cytes and mfld increase of microglia cells 
were present alo ng wit h the neuronal 
structJoin^o^mnarnmatory perivascular 
or diffuse infiltrates of any type were en- 
countered. Control .animals inoculated 
similarly with -Wood o f TOTrjnEtf'ifi%h ^ 
guinea pigs ha ve not shown any spongi- 
form vir us encephalopathy . . 

"Hie successful demonstration of vi- 
remia in our pathogenesis experiments is 
attributed to the technique used. Is 
studying the temporal distribution of the 
virus in tissues and body fluids on ani- 
mals inoculated with scrapie, no virus 
was found in the circulating blood, when 
whole blood (O. blood clot, or serum (5. 
o) were studied for infectrvity. On the 
basis of the results of Efclund e/ a!. {6) 
which showed that scrapie replicates in 
'•lymphocytic tissues** (spleen, lympe 
nodes, thymus) after subcutaneous in- 
oculation of mice, we postulated that 
maximal infectivity should reside in the 
buffy coat (white blood cells) rather than 
with the scrum or with red blood ceOs. 
Ckluad et at, showed high vjrui titers in 
the lymphocytic tissues by the 8th week 
and before the virus was detected in the 
brain by the I6ch week after subcutane- 
ous inoculation (6*). 

In experimental Creutzfeldt-Jaikob dis- 
ease, the demonstration of viremia in- 
dicates that this agent .may be dissemi- 
nated by the hematogenous route.' Thus, 
this route appears to be important for tbc 
pathogenesis of subacute spongiform vi- 
rus encephalopathies as it is in enccph- 
aiiu'des caused by conventional viruses- 
Our studies do not exclude the posst- 
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"tfjity of a pluripotentiaj spread of the vi- 
ms in subacute spongiform vims enceph- 
alopathies. However, the available re* 
jults in scfapie—tumely, spread of the 
infection after intracerebral inoculation 
to visceral tissues « 5) and the reverse, 
spread of the infection from the periph- 
ery to the brain (5, 6) — can most easily 
ffC explained by vtremia rather than by 
propagation of the virus along neural 
pathways, either centrifugaJIy and cen- 
(ripetatly from and to the brain. The 
tfcmonstration of viremia in experimen- 
tal Creutzfeldt-iakob disease may. also 
have implications for the disease afflict* 
tag man. 

Although it is not known bow the 
infection spreads in human spongi- 
form virus encephalopathies, the virus of 
Creutzfetdt-Jakob disease has been 
found in the liver, kidney, lung, lymph 
nodes, and cerebral spinal fluid, and the 
virus of kuru has been found in lymph 
nodes, kidney, and spleen of humans 
(16). It is conceivable that the hematoge- 
nous spread of the infection is also impli- 
cated in man. The presence of virus in 
the blood in experimental Creulzfeldt-Ja- 
kob disease suggests that this may be 
true and that there may well be a danger 
of transmitting this disease via blood 
transfusions from humans harboring the 
agent during (he incubation period, when 
the clinical disease is not readily appar- 
ent. Gajdusek mentioned that two hu- 
mans harboring Crcuizfetdt- Jakob dis- 
ease were professional blood donors un- 
til shortly before the onset of their 
symptoms (J). 

Elias £. Manueliois 

EOWARO J. GORGACZ, 

Laura Manueliois 
Departments of Pathology 
and Neurology, Yale University 
School of Medicine, 
New Haven , Connecticut 06510 
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Search Image for Leaf Shape in a Butterfly 

Abstract. The butterfly Battus philenor/onru search images for leaf shape when 
searching for its two larval host plants in southeast Texas. This behavior increases 
the rate of discovery of host plants and permits females to track changes in relative 
host plant suitability far larval growth. Apostatic selection resulting from search 
image formation is a likely explanation for divergence in leaf shape by the two host 
plants. 



The significance of a plant's leaf shape 
has been attributed to abiotic environ- 
mental factors (/). In contrast, Gilbert 
(?) noted thai the species in some tropi- 
cal plant families that support popu- 
lations of coevolved herbivorous insects 
diner greatly in leaf shape. He suggested 
that apostatic selection tf , 4) exerted by 
those herbivores may have produced the 
observed leaf shape diversity. Central to 
Gilbert's argument is the assumption 
that searching insects are able to dis- 
criminate leaf shapes and that individ- 
uals searching for one leaf type arc less 
likely to respond to another. One mecha- 
nism that can lead to such differential re- 
sponse is search image formation. I re- 
port here that (t) ovipositing females of 
the pipevine swalk>wta3 butterfly. Bat- 
tusphifenor, search selectively for either 
broad- or narrow-leaved larval host 
plants; f») females can switch preference 
from one leaf shape to another on the 
basis of experience and hence form true 
search images; (iii) a' search image for 
one leaf shape results in host plants with 
(hat leaf shape being discovered in great- 
er proportion than their abundance in the 
habitat; and (iv) butterflies with strong 
search images discover larval food plants 
at higher rates than butterflies with weak 
search images. In addition, f suggest that 
B.phtlenor is the primary selective agent 
responsible for divergence in leaf shape 
by its two larval host plants in southeast 
Texas* 

I conducted this study between 22 
March and 22 May 1977 in the open long- 
leaf pine uplands of the Big Thicket re- 
gion of southeast Texas. Adults of B. 
phiUnor are common in the pine upland 
habitat at that time of year, females can 
be found searching among the herba- 
ceous vegetation for the two larval food 
plants AHstofochia reticulata and A. ser* 
0036^073/78/0602- 10? ISO0. XV0 Copyright 



peniana (Aristotochiaceae) 0). The two 
host plants, perennial herbs reaching a 
maximum height of 40 to 50 cm, arc 
closely related within (he genus Aris- 
tolochia (6), yet differ in leaf shape. The 
more common species A. reticulata has 
the broad, ovate leaves characteristic of 
the genus (6). whereas ail A. serpentaria 
plants in areas of sympatry with A. retio 
ff fa fa have long, narrow, parallel- sided 
leaves resembling grass blades. 

Ovipositing 8. philenor can be fol- 
lowed easily in the field, permitting ob- 
servation of host plant search behavior 
under natural conditions (5). My prelimi- 
nary observations suggested that females 
use leaf shape as a visual cue for locating 
host plants. As a female Hies slowly 
above the herbaceous Vegetation, she 
periodically approaches and lands on a 
plant and "tastes" it, presumably with 
tarsal chemorcceptofs similar to those 
present in other in sects (7). If the plant is 
not an Arijtohchta , she immediately re- 
sumes search flight. If the plant is an 
Aristolochia , she either lays a small clus- 
ter of eggs or resumes search night with-" 
out ovipositing. Since the two Arir- 
tolockia species constitute less than 5 
percent of the plants that females ap- 
proach and "taste it seems unlikely 
that the butterflies recognize a plant as 
an Aristolochia by employing long-dis- 
tance olfactory cues such as are used by 
some other insects (8). 

To test the hypothesis that leaf shape 
is an important cue used in initiating ap- 
proach to a plant, I observed ovipositing 
females in an approximately 80-acrc (32 
ha) area of open longleaf pine upland in 
the Khby State Forest, 15 miles (24 km) 
north of Kountzc in Hardin County, 
Texas. AH herbaceous plants and shrubs 
growing in the area were classified as 
having either long, narrow leaves or 
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